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SEMICONDUCTOR DEVICE AND METHOD 
OF FABRICATING THE SAME 

This application claims the bene?t of Korean Application 
No. 98-37796 ?led on Sep. 14, 1998, Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device, 
and more particularly, to a semiconductor device and a 
method of fabricating the same. Although the present inven 
tion is suitable for a Wide scope of applications, it is 
particularly suitable for improving degree of integration and 
preventing short channel effect in the semiconductor device. 

2. Discussion of the Related Art 

A recent multimedia system is capable of displaying 
videos, voices and characters at the same time. Thus, it 
becomes important to have various, complicated, and 
improved functions as Well as smaller siZe and lighter 
Weight. To meet such demands, technologies for forming 
semiconductor circuits on one-chip having various functions 
have been developed. 

Aplurality of semiconductor circuits formed on one-chip 
have various functions and are operated by different poWer 
supplies. Each of the circuits should be constructed to be 
able to perform its oWn function When they are formed on 
the same semiconductor substrate. Accordingly, it is 
required that transistors having various operating voltages 
should be formed on the same semiconductor substrate. This 
can be achieved by forming various thicknesses of gate 
oxides to properly control threshold voltages. 

FIG. 1 shoWs a cross-sectional vieW of a semiconductor 
device according to a related background art. As shoWn in 
FIG. 1, a ?eld oxide layer 19 de?ning ?rst and second 
transistor regions T11 and T12 in a ?eld area F11 is formed 
on a p-type semiconductor substrate 11. The ?eld oxide layer 
19 is formed by a shalloW trench isolation (STI) method. For 
example, a trench 17 having a predetermined depth in the 
semiconductor substrate 11 is ?lled With silicon oxide. 
Alternatively, the ?eld oxide layer 19 may be formed by 
local oxidation of silicon (LOCOS). 

First and second gates 25 and 26 on ?rst and second gate 
oxide layers 21 and 23 are formed at predetermined portions 
of the ?rst and second transistor regions T11 and T12, 
respectively. The ?rst gate oxide layer 21 is formed at the 
?rst transistor region T11 by tWo separate thermal oxidations 
While the second gate oxide layer 23 is formed at the second 
transistor region T12 by a single thermal oxidation. Thus, 
the ?rst gate oxide 21 becomes thicker than the second gate 
oxide 23. 

First and second diffusion regions 28 and 29 for a source 
and drain are formed in the ?rst and the second transistor 
regions T11 and T12 of the semiconductor substrate 11. The 
?rst and second diffusion regions 28 and 29 are formed by 
heavily doping With n-type impurities using the ?rst and the 
second gates 25 and 26 as ion-implantation masks. 

FIGS. 2A to 2E are cross-sectional vieWs illustrating the 
process steps of fabricating a semiconductor device accord 
ing to the related background art. 

Initially referring to FIG. 2A, a buffer oxide layer 13 is 
formed on a semiconductor substrate 11 by thermal oxida 
tion. Ahard mask layer 15 is then formed on the buffer oxide 
layer 13 by depositing silicon nitride thereon by chemical 
vapor deposition (CVD). 
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2 
Thereafter, ?rst and second transistor regions T11 and T12 

are de?ned by patterning the hard mask layer 15 and the 
buffer oxide layer 13 through photolithography, so that a 
portion of the semiconductor substrate 11 is exposed as a 
?eld area F11. 

Referring to FIG. 2B, a ?eld oxide layer 19 electrically 
isolating the ?rst transistor region T11 from the second 
transistor region T12 is formed at the ?eld area F11. 

In this process, a trench 17 having a predetermined depth 
is formed at the ?eld area F11 using the hard mask layer 15 
(shoWn in FIG. 2A) on the ?rst and second transistor regions 
T11 and T12 of the semiconductor substrate 11. The trench 
17 is then ?lled With silicon oxide by depositing silicon 
oxide including the hard mask layer 15 by CVD. A ?eld 
oxide layer 19 is formed by chemical-mechanical polishing 
(CMP) to expose the hard mask layer 15 and to have the 
silicon oxide remain only in the trench 17. The ?eld oxide 
layer 19 may be formed by either LOCOS or STI. 

Then, the hard mask layer 15 and the buffer oxide layer 
13 (shoWn in FIG. 2A) on the ?rst and second transistor 
regions T11 and T12 are removed from the semiconductor 
substrate 11. 

In FIG. 2C, a ?rst gate oxide layer 21 is formed on the ?rst 
and second transistor regions T11 and T12 of the semicon 
ductor substrate 11 by thermal oxidation. The ?rst gate oxide 
layer 21 on the second transistor region T12 is then removed 
by photolithography. Thus, only the ?rst gate oxide layer 21 
at the ?rst transistor region T11 remains on the semicon 
ductor substrate 11. 

FIG. 2D shoWs a second gate oxide layer 23 formed on the 
exposed surface of the second transistor region T12 of the 
semiconductor substrate 11 by thermal oxidation. In this 
process, the ?rst gate oxide layer 23 at the ?rst transistor 
region T11 becomes thicker. As a result, the ?rst gate oxide 
layer 21 is thicker than the second gate oxide layer 23. 

Referring to FIG. 2E, polycrystalline silicon doped With 
impurities is deposited on the ?rst and second gate oxide 
layers 21 and 23 and the ?eld oxide layer 19 by CVD. Then, 
?rst and second gates 25 and 26 are formed by patterning the 
polycrystalline silicon. The ?rst and second gate oxide 
layers 21 and 23, thus, remain at predetermined portions of 
the ?rst and second transistor regions T11 and T12 of the 
semiconductor substrate 11. 

First and second diffusion regions 28 and 29 for a source 
and drain of ?rst and second transistors are formed by heavy 
ion-implantation With n-type impurities using the ?rst and 
second gates 25 and 26 as masks. 
As explained in the foregoing description, the semicon 

ductor device according to the related background art is 
fabricated by forming a ?rst gate oxide layer only on a ?rst 
transistor region of a semiconductor substrate and by form 
ing a second gate oxide layer on the exposed surface of a 
second transistor region of the semiconductor substrate by 
thermal oxidation. In this process, the ?rst gate oxide layer 
on the ?rst transistor region becomes thicker than the second 
gate oxide layer. Hence, transistors having a plurality of gate 
oxide layers Which have different thicknesses are fabricated 
by the previously described background art method. 

HoWever, the above-mentioned method has the folloWing 
draWbacks. For example, a desirable thickness of the gate 
oxide layers cannot be readily achieved because the gate 
oxide layers should be etched and re-oxidiZed. Moreover, 
since the gates are formed on the semiconductor substrate, 
the planariZation of multi-layered Wires becomes Worse, and 
a short channel effect occurs due to reduction in siZe of the 
device. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a semi 
conductor device and a method fabricating method the same 
that substantially obviate one or more of the problems due 
to limitations and disadvantages of the related art. 

Another object of the present invention is to provide a 
semiconductor device of Which degree of integration is 
improved and in Which gate oxide layers are easily con 
trolled in thickness. 

Another object in the present invention is to provide a 
semiconductor device in Which planariZation in multi 
layered Wires is improved and in Which a short channel 
effect is prevented. 
A further object of the present invention is to provide a 

method of fabricating a semiconductor device Wherein a 
plurality of gate oxide layers are easily formed and the 
thickness of the gate oxide layers are easily controlled. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realiZed and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, a semiconductor device having ?rst and 
second transistor regions and a ?eld region includes a 
semiconductor substrate having a ?rst type conductivity, a 
?rst trench in the substrate at the ?eld region separating the 
?rst and second transistor regions from each other, a second 
trench in the substrate over the ?rst trench, a ?rst ?eld oxide 
layer in the ?rst trench, a second ?eld oxide layer in the 
second trench over the ?rst ?eld oxide layer, ?rst and second 
gate oxide layers on sides of the second trench, ?rst and 
second gates in the second ?eld oxide layer, and second and 
third impurity regions at the bottom surface of the second 
trench and ?rst and fourth impurity regions outside the 
second trench on the substrate. 

In another aspect of the present invention, a semiconduc 
tor device having ?rst and second transistor regions and a 
?eld region includes a semiconductor substrate having a ?rst 
type conductivity, a ?rst trench in the substrate at the ?eld 
region separating the ?rst and second transistor regions from 
each other, a second trench in the substrate over the ?rst 
trench, a ?rst ?eld oxide layer in the ?rst trench, a second 
?eld oxide layer in the second trench over the ?rst ?eld 
oxide layer, third and fourth trenches at the ?rst and second 
transistor regions of the second ?eld oxide layer, ?rst and 
second gate oxide layers betWeen the second and third 
trenches and the second and fourth trenches, Wherein the 
?rst and second gate oxide layers have thickness different 
from each other, ?rst and second gates in the third and fourth 
trenches at the ?rst and second transistor regions, 
respectively, ?rst and second impurity regions of a second 
type conductivity outside the second trench on the substrate 
and on the bottom surface of the second trench, and third and 
fourth impurity regions of a second conductive type on the 
bottom surface of the second trench and outside the second 
trench. 

In another aspect of the present invention, a semiconduc 
tor device having ?rst and second transistor regions and a 
?eld region includes a semiconductor substrate having a ?rst 
type conductivity, a ?rst trench in the substrate at the ?eld 
region separating the ?rst and second transistor regions from 
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4 
each other, a ?rst ?eld oxide layer in the ?rst trench, a Well 
region having a second type conductivity at the ?rst tran 
sistor region, a second trench over the ?rst trench in the 
substrate, the second trench having a Width greater than the 
?rst trench, a second ?eld oxide layer in the second trench 
over the ?rst ?eld oxide layer, third and fourth trenches in 
the second ?eld oxide layer, ?rst and second gate oxide 
layers betWeen sides of the second trench and the third and 
fourth trenches, Wherein the ?rst and second gate oxide 
layers have thicknesses different from each other, ?rst and 
second gates in the third and fourth trenches, respectively, 
?rst and second impurity regions of a second type conduc 
tivity outside the second trench on the substrate and on the 
bottom surface of the second trench, and third and fourth 
impurity regions of a second type conductivity on the 
bottom surface of the second trench and outside the second 
trench. 

In a further aspect of the present invention, a method of 
fabricating a semiconductor device having ?rst and second 
transistor regions and a ?eld region includes the steps of 
forming a ?rst trench in the ?eld area of a semiconductor 
substrate, thereby de?ning the ?rst and second transistor 
regions, forming a second trench over the ?rst trench in the 
semiconductor substrate, forming a ?rst ?eld oxide layer in 
the ?rst trench, forming ?rst, second, third and fourth 
impurity regions outside the second trench and on the 
bottom surface of the second trench except Where the ?rst 
?eld oxide layer is formed, forming a second ?eld oxide 
layer in the second trench over the second and third impurity 
regions including the ?rst ?eld oxide layer, forming third 
and fourth trenches in the second ?eld oxide layer, so as to 
de?ne ?rst and second gate oxide layers, and forming ?rst 
and second gates in the third and fourth trenches. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this application, illustrate 
embodiments of the inventing and together With the descrip 
tion serve to explain the principles of the invention. 

In the draWings: 
FIG. 1 is a cross-sectional vieW of a semiconductor device 

according to a related background art; 
FIG. 2A to FIG. 2E are cross-sectional vieWs illustrating 

the process steps of fabricating a semiconductor device 
according to the related background art; 

FIG. 3 is a cross-sectional vieW of the semiconductor 
device according to a ?rst embodiment of the present 
invention; 

FIG. 4 is a cross-sectional vieW of the semiconductor 
device according to a second embodiment of the present 
invention; and 

FIGS. 5A to 5E are cross-sectional vieWs illustrating the 
process steps of fabricating the semiconductor device of 
FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiment of the present invention, examples of Which are 
illustrated in the accompanying draWings. 
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FIG. 3 shows a cross-sectional vieW of a semiconductor 
device according to a ?rst embodiment of the present 
invention. 
As shoWn in FIG. 3, a ?rst trench 33 separating ?rst and 

second transistor regions T21 and T22 from each other is 
formed at a ?eld area F21 of a p-type semiconductor 
substrate 31. The ?rst trench 33 has a depth of 1000 to 2000 
A. Asecond trench 35 is then formed to have a depth of 1500 
to 8000 A over the ?rst trench 33. Thus, the second trench 
35 is formed at portions of the ?rst and second transistor 
regions T21 and T22 including the ?eld area 21. 

A?rst ?eld oXide layer 37 is formed in the ?rst trench 33. 
The ?rst ?eld oXide layer 37 is formed by depositing silicon 
oXide in the ?rst trench 33 With CVD and by etching back 
the silicon oXide using reactive ion etching (RIE). 
A second ?eld oXide layer 45 is formed in the second 

trench 35. Third and fourth trenches 47 and 48 having a 
Width of 1000 to 2000 A are formed at the ?rst and second 
transistor regions T21 and T22 of the second ?eld oXide 
layer 45. The second ?eld oXide layer 45 is formed by 
depositing silicon oXide With CVD to ?ll up the second 
trench 35 and by etching back the silicon oXide With CMP 
or RIE. The third and fourth trenches 47 and 48 are formed 
by photolithography With anisotropic etching. 

First and second gates 53 and 55 of polycrystalline silicon 
doped With impurities are formed in the third and fourth 
trenches 47 and 48. The ?rst and second gates 53 and 55 are 
formed by depositing polycrystalline silicon doped With 
impurities to ?ll up the third and fourth trenches 47 and 48 
With CVD and by etching back the polycrystalline silicon 
With CMP or RIE. This embodiment provides a better 
planariZation for multi-layered Wires since the ?rst and 
second gates 53 and 55 are buried in the third and fourth 
trenches 47 and 48. 

The second ?eld oXide layer 45 remaining at the sides of 
the second trench 35 and betWeen the ?rst and the second 
gate 53 and 55 becomes ?rst and second gate oXide layers 50 
and 51, respectively. Thus, thicknesses of the ?rst and 
second gate oXide layers 50 and 51 are determined When the 
third and fourth trenches 47 and 48 are formed in the second 
?eld oXide layer 45. Preferably, the thicknesses of the ?rst 
and second gate oXide layers 50 and 51 are in the ranges of 
40—70 A and 100—150 A, respectively. The thicknesses of 
the ?rst and second gate oXide layers 50 and 51 can be 
controlled precisely since they are de?ned in the process of 
forming the third and fourth trenches 47 and 48. 

First and second impurity regions 39 and 40 for a ?rst 
source/drain of a ?rst transistor and third and fourth impurity 
regions 42 and 43 for a second source/drain region of a 
second transistor are respectively formed at the bottom 
portion of the second trench 35 and outside the second 
trench 35 by doping With n-type impurities. The side por 
tions of the second ?eld oXide layer 45 in the second trench 
35 betWeen the ?rst and second impurity regions 39 and 40 
and betWeen the third and fourth impurity regions 42 and 43 
become channel regions of the ?rst and second transistor, 
respectively. By this embodiment, the degree of integration 
of device is improved since the second impurity region 40 
and the third impurity region 43 at the bottom of the second 
trench 35 are overlapped With the second ?eld oXide layer 45 
and the channel regions are vertically formed. 
As mentioned in the above description, the thicknesses of 

the ?rst and second gate oXide layers 50 and 51 of the 
semiconductor devices according to the ?rst embodiment of 
the present invention are controlled precisely because the 
thicknesses are de?ned in the process of forming the third 
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6 
and fourth trenches 47 and 48. The present invention also 
provides a better planariZation since the ?rst and second 
gates 53 and 55 are buried in the third and fourth trenches 
47 and 48, respectively. The present invention further pro 
vides a higher degree of integration because the second and 
third impurity regions 40 and 43 at the bottom of the second 
trench 35 are overlapped With the second ?eld oXide layer 45 
and the channel regions are vertically formed in the second 
trench 35. 

In the above explanation, the semiconductor devices 
according to the ?rst embodiment of the present invention 
include ?rst and second transistors having an n-type con 
ductivity at the ?rst and second transistor regions of a p-type 
semiconductor substrate. Alternatively, the present invention 
may be presented such that ?rst and second transistors 
having a p-type conductivity are formed at ?rst and second 
transistor regions of an n-type semiconductor substrate. 
Further, the present invention may be realiZed by forming a 
?rst transistor of an n-type and a second transistor of a 
p-type in a p-type semiconductor substrate and forming an 
n-type Well at a ?rst or second transistor region. 

FIG. 4 is a cross-sectional vieW of a semiconductor device 
according to a second embodiment of the present invention. 
The second embodiment of the present invention is simi 

lar to the ?rst embodiment shoWn in FIG. 3 eXcept that a ?rst 
transistor of a p-type is formed at the ?rst transistor region 
T21 of the p-type semiconductor substrate 31 and a second 
transistor of an n-type is in the second transistor region T22, 
thereby forming a complementary MOS (CMOS). 
Accordingly, for convenience, the elements shoWn in FIG. 3 
are designated by the same reference numbers used in FIG. 
3. 
As shoWn in FIG. 4, an n-type Well region 57 is formed 

in the ?rst transistor region T21 of the p-type semiconductor 
substrate 31. Thus, a ?rst and second transistor of a p-type 
is formed by heavily doping the ?rst and second impurity 
regions 39 and 40 for a source/drain With p-type impurities 
in the ?rst transistor region T21. Alternatively, a ?rst tran 
sistor of an n-type may be formed by heavily doping third 
and fourth impurity regions 42 and 43 for a source/drain 
With n-type impurities in the second transistor region T22. 

In the above description of the second embodiment of the 
present invention, the n-type Well region is formed at the 
?rst transistor region of the p-type semiconductor substrate. 
Instead, the n-type Well region may be formed in the second 
transistor region, or both an n-type Well and a p-type Well 
may be formed at ?rst and second transistor regions of an 
n-type or a p-type semiconductor substrate. 

FIGS. 5A to SE are cross-sectional vieWs illustrating the 
process steps of fabricating the semiconductor device of 
FIG. 3. 

Initially referring to FIG. 5A, ?rst and second transistor 
regions T21 and T22 are de?ned in a ?eld area F21 of a 
p-type semiconductor substrate 31 for devices by forming a 
?rst trench 33 having a depth of 1000 to 2000 A by 
anisotropic etching such as RIE and the like. 

Referring to FIG. SE, a second trench 35 having a depth 
betWeen 1500 and 8000 A is formed by the same the method 
of forming the ?rst trench 33 Within the ?eld area F21 of the 
semiconductor substrate 31 and the ?rst and second transis 
tor regions T21 and T22. In this process, the bottom surface 
of the ?rst trench 33 has a depth step different from that of 
the second trench 35. 

In the above description, the second trench 35 is formed 
after the ?rst trench 33 has been formed. Instead, the ?rst 
trench 33 may be formed in the second trench 35. In either 
case, the second trench 35 has a Width greater than the ?rst 
trench 33. 
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Referring to FIG. 5C, a ?rst ?eld oxide layer of silicon 
oxide 37 is formed in the ?rst trench 33. The ?rst ?eld oxide 
layer 37 is formed on the semiconductor substrate 31 by 
depositing silicon oxide to ?ll up the ?rst trench 33 With 
CVD. Only the silicon oxide inside the ?rst trench remains 
after an etching back process by RIE. 

First and second impurity regions 39 and 40 for a source/ 
drain region of a ?rst transistor and third and fourth impurity 
regions 42 and 43 for a source/drain of a second transistor 
are formed at the portions Where the second trench 35 is not 
formed in the semiconductor substrate 31 and at the bottom 
surface of the second trench 35. 

In this process, the ?rst and second impurity regions 39 
and 40 and the third and fourth impurity regions 42 and 43 
are formed Without using a mask by ion implantation as Well 
as diffusion. N-type impurities such as P or As are used in 
this process With a dosage betWeen 1><1015 and 5><1015 
ions/cm2. Thus, degree of integration is improved because 
the sides betWeen the ?rst and second impurity regions 39 
and 40 and betWeen the third and fourth impurity regions 42 
and 43 become channel regions of the ?rst and second 
transistors, respectively. 

Moreover, When the ?rst and second impurity regions and 
the third and fourth impurity regions are formed, diffusion 
takes place at the ?rst impurity region 39 and the fourth 
impurity region 42 in the direction perpendicular to the 
surface of the semiconductor substrate 31. At the second 
impurity region 40 and the third impurity region 43 formed 
at the bottom of the second trench 35, diffusion takes place 
to the direction parallel to the semiconductor substrate 31. 
Thus, lengths of the channels are readily controllable. 

In FIG. 5D, a second ?eld oxide layer 45 of silicon oxide 
is formed in the second trench 35. In this process, the second 
?eld oxide layer 45 is formed on the semiconductor sub 
strate 31 by depositing the silicon oxide to ?ll up the second 
trench 35 With CVD. The silicon oxide is then etched back 
to remove a portion of the silicon oxide outside the second 
trench 35 using RIE or CMP. 

Third and fourth trenches 47 and 48 having a Width 
betWeen 1000 and 2000 A and a depth betWeen 1000 and 
6000 A are formed in the ?rst and second transistor regions 
T21 and T22 by etching the second ?eld oxide layer 45 by 
an anisotropic etching method such as RIE. In this process, 
the second ?eld oxide layer 45 remaining betWeen the sides 
of the second trench 35 and the third and fourth trenches 47 
and 48 becomes ?rst and second gate oxide layers 50 and 51. 
Thus, thicknesses of the ?rst and second gate oxide layers 50 
and 51 are precisely controlled as the third and fourth 
trenches 47 and 48 are formed. The thicknesses of the ?rst 
and second gate oxide layers 50 and 51 are referably 
betWeen 40 and 70 A and betWeen 100 and 150 A, respec 
tively. 

Referring to FIG. 5E, ?rst and second gates 53 and 55 are 
formed in the third trenches 47 and 48. The ?rst and second 
gates 53 and 55 are formed by depositing polycrystalline 
silicon doped With impurities With CVD on the semicon 
ductor substrate 31 and the second ?eld oxide layer 45. The 
polycrystalline silicon ?lls up the third trenches 47 and 48 
and is etched back With CMP or RIE to expose the second 
?eld oxide layer 45. In this case, a planariZation is readily 
achieved since the ?rst and second gates 53 and 55 are 
buried in the third and fourth trenches 47 and 48. 
As explained in the above description, the semiconductor 

device according to the present invention is formed by 
forming a second ?eld oxide layer in a second trench Which 
has been formed in a portion including predetermined por 
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8 
tions of ?rst and second transistor regions and a ?eld area, 
by forming ?rst and second gate oxide layers having differ 
ent thicknesses from each other by leaving portions of the 
second ?eld oxide layer betWeen second and third trenches 
and second and fourth trenches in the ?rst and second 
transistor regions of the second ?eld oxide layer, and by 
forming ?rst and second gates buried in the third and fourth 
trenches. 

Accordingly, in the present invention, thicknesses of gate 
oxide layers are easily controllable and degree of integration 
is improved since channel regions are vertically formed and 
impurity regions at the bottom of a second trench are 
overlapped With a second ?eld oxide layer. The invention 
also provides an improved planariZation for multi-layered 
Wires as ?rst and second gates are buried in third trenches. 

Moreover, a short channel effect is suppressed by con 
trolling channel lengths because diffusion takes place at the 
second and third impurity regions at the bottom of the 
second trench in the horiZontal direction and at the ?rst and 
fourth impurity regions on the semiconductor substrate in 
the vertical direction. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made in a semiconduc 
tor device and a method of fabricating the same of the 
present invention Without departing from the spirit or scope 
of the inventions. Thus, it is intended that the present 
invention cover the modi?cations and variations of this 
invention provided they come Within the scope of the 
appended claims and equivalents. 
What is claimed is: 
1. Amethod of fabricating a semiconductor device having 

?rst and second transistor regions and a ?eld region, the 
method comprising the steps of: 

forming a ?rst trench in the ?eld area of a semiconductor 
substrate, thereby de?ning the ?rst and second transis 
tor regions; 

forming a second trench over the ?rst trench in the 
semiconductor substrate; 

forming a ?rst ?eld oxide layer in the ?rst trench; 
forming ?rst, second, third and fourth impurity regions 

outside the second trench and on the bottom surface of 
the second trench except Where the ?rst ?eld oxide 
layer is formed; 

forming a second ?eld oxide layer in the second trench 
over the second and third impurity regions including 
the ?rst ?eld oxide layer; 

forming third and fourth trenches in the second ?eld oxide 
layer, so as to de?ne ?rst and second gate oxide layers; 
and 

forming ?rst and second gates in the third and fourth 
trenches. 

2. The method according to claim 1, Wherein the steps of 
forming ?rst and second trenches include anisotropic etch 
ing. 

3. The method according to claim 1, Wherein the ?rst 
trench is formed to have a depth in the range of 1000 and 
2000 A. 

4. The method of fabricating semiconductor device 
according to claim 1, Wherein the second trench is formed to 
have a depth in the range of 1500 and 8000 

5. The method according to claim 1, Wherein the step of 
forming a ?rst ?eld oxide layer includes the steps of: 

forming a silicon oxide layer on the semiconductor sub 
strate to ?ll up the ?rst trench; and 

etching back the silicon oxide layer to remove the silicon 
oxide layer outside the ?rst trench. 
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6. The method of fabricating semiconductor device 
according to claim 3, Wherein the step of forming a second 
?eld oXide layer includes the steps of: 

forming a silicon oXide layer on the semiconductor sub 
strate to ?ll up the second trench; and 

etching back the silicon oXide layer to remove the silicon 
oXide layer formed outside the second trench by at least 
one of chemical-mechanical polishing and reactive ion 
etching. 

7. The method according to claim 1, Wherein the ?rst and 
second gate oXide layers are formed to have thicknesses in 
the range of 40 and 70 A and 100 and 150 A, respectively. 
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8. The method according to claim 1, Wherein the step of 

forming ?rst and second gates include the steps of: 

forming an impurity doped-polycrystalline silicon layer 
on the semiconductor substrate to ?ll up the third and 

fourth trenches; and 

etching back the polycrystalline silicon layer to remove 
the polycrystalline silicon layer formed outside the 
third and fourth trenches by at least one of chemical 
mechanical polishing and reactive ion etching. 

* * * * * 


